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(54) Title: METAL COMPOUND REMOVAL 



(57) Abstract: The present invention relates to a process for separating at least one metal compound and/or a component thereof 
from a mixture, said process comprising contacting the said mixture with a heteropoly acid or heteropoly acid anion, thereby pro- 
ducing a precipitate comprising the heteropoly acid or heteropoly acid anion and the metal compound and/or a component thereof. 
Q The present invention further relates to a process for the purification of a mixture containing at least one metal compound, said 
^ process comprising contacting the said mixture with a heteropoly acid or heteropoly acid anion, thereby producing a precipitate that 
1^ is substantially insoluble in the said reaction mixture and recovering the reaction mixture. 
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Title: Metal compound removal 

The invention is directed to a process for the removal of metal 
compoimds^ such as a catalyst or catalyst remains from liquid reaction 
systems. More in particular the invention is directed to the removal of 
metal compounds, such as a catalyst or catalyst remains, from 
5 homogeneously catalysed reaction systems. 

Metal compounds are applied in a variety of applications, e.g. as 
catalysts, colourants or pharmaceutically active compounds. 

Catalysts based upon metal complexes, generally comprise at 
least one metal compound that at least consists of at least one metal atom 

■ 

10 and/or at least one ligand, or at least one metal ion and/or at least one 
counter ion and/ or at least one ligand. Such catalyst systems are very 
effective and selective catalysts in homogeneous catalyst systems for a 
broad range of reactions. However, it is often very difficult to remove the 
(homogeneous) catalyst or its remains from the reaction mixture after the 

15 reaction has been completed. Quite often difficult extraction procedures, 
recrystallizations, membrane filtrations or distillation steps are necessary 
to remove the catalyst or its remains. 

Other methods describe a modification of homogeneous catalysts 
that simplifies separation from the reaction products. However, such a 

20 modification of a homogeneous catalyst also changes its cataljrdc 
properties. 

Catalysts and/ or its remains have to be removed from a process 
stream in order to obtain piire prqducts. A simple and efficient method to 
purify process streams from catalysts and /or its remains is desirable, 
25 also from an economic and environmental point of view. 

US patent 4,413,118 describes a process in which organic sulfur 
compounds containing a carbon-sulfur double bond are used to remove 
homogeneous catadyst group VIII metals from chemical process streams. 
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US patent 4,855,400 describes the removal of catalyst residues from 
carbon monoxide/ olefin polymers with a catalyst complexing agent for 
palladium. US patent 4,952,304 describes the removal of a group VIII 
catalyst and co-catalyst by treating the contaminated product with an 
5 aqueous solution of a silicate, borate or carbonate. The catalyst residues 
are extracted in the aqueous layer. 

Fedotov et al. describe the use of membranes to separate a bulky 
homogeneous catalyst from the reaction mixture in Catalysis Letters 1990, 
6, 417-422. 

10 US patent 6,303,829 and US patent 6,307,108 describe the use of 

fractional countercurrent extraction to remove metal-organophosphorus 
complexes from the reaction product fluid. US patent 4,429,057 describes 
the removal of volatile precious metad catalysts from a process stream by 
selective extraction in alcoholic liquids. US patent 4,950,629 describes the 
15 precipitation of homogeneous catalysts from a reaction solution solvent by 
reaction with lower alkanoic acid. 

US patent 6,187,952 describes the separation of a homogeneous 
catalyst from a hydroformylation process stream by extraction methods. 
US patent 4,353,810 describes the removal of an iron oxidation 
20 catalyst by reaction of the iron catalyst with an iron oxidant material 
which will cause the precipitation of the fron catalyst. 

Many of the described processes have a lack of efficiency and 
only partiy remove catalyst residues. Moreover, the additives that are used 
contaminate the product mixtures and are difficult to remove from the 
25 process stream. This makes the described methods unattractive from a 
process point of view. 

It is an object of the present invention to provide a process that 
does not have all the aforementioned disadvantages. 

The invention is based on the idea that certain compoimds, in 
30 particular heteropoly acids, have the property to bind very effectively and 
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selectively with metal compounds i.e. compounds comprising at least one 
metal atom or ion such as homogeneous metal catalysts, thereby forming 
an insoluble precipitate. These heteropoly acids can also be attached to 
supports such as those based on various insoluble oxides and organic 
5 supports. 

Accordingly the present invention relates to a process for 
separating at least one metal compound and/ or a component thereof from 
a mixture, said process comprising contacting the said mixture with a 
heteropoly acid or heteropoly acid anion^ thereby producing a precipitate 

10 comprising the heteropoly acid or heteropoly acid anion and the metal 
compound and/ or the component thereof. It will be appreciated that in 
general the precipitate is substantially insoluble in the said mixture 
(under the contacting conditions). 

Accordingly, it is possible to contact a mixture - generally at 

15 least comprising the metal compound - containing the metal 

compoiind(s), with a heteropoly acid or with a support material modified 
with a heteropoly acid, so that the metal compound and/ or a component 
thereof can be removed from the mixture by separating the resxdting solids 
from the mixture. This invention provides a tool to efficiently remove metal 

20 compounds, such as catalysts or catalyst remains from a liquid, e.g. a 

liquid process stream. The invention is particularly suitable to remove or 
recover a homogeneous metal compound or a component thereof dissolved 
in a liquid solution, from a liquid solution; further, the invention is 
particularly suitable to purify a solution containing a homogenous metal 

25 compound. 

The term homogeneous metal compound is used herein to 
describe a metal compound dissolved in a solvent, a metal compound 
present in a colloidal phase (hereinafter referred to as colloidal metal 
compound), a dispersed metal compound, a metal compound in an 

30 emulsion, a metal compound in a sol and in general to describe metal 
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compoxmds that are present in a fluid system in a fashion that does not 
generally allow the metal and /or metal compound to be readily separated 
by filtration firom the fluid. 

Components of metal compounds that can be separated include 
5 tmbound metal moieties, Ugands and counter ions. 

A mixture from which the metal compound and/ or a component 
thereof is separated can be any fluid containing said metal compound 
and/ or component thereof dissolved, suspended, dispersed or otherwise 
contained in said fluid. 

10 A process according to the invention may be used to achieve a 

partial or an essentially complete removal of metal compounds and/ or 
components thereof such as catalysts or catalyst remains. Of course it is 
possible that several types of metal compounds and components are 
removed simultaneaously or subsequently in a process accordiag to the 

15 invention. 

Very good results have been achieved with a method according 
to the invention wherein a compound comprising and ionic metal moiety is 
removed. It is stressed that the ionic metal moiety can either be anionic 
(e.g. Ru ) or cationic. 

20 The present invention is not limited to the removal of catalysts 

and/ or remains thereof. A process according to the invention may also be 
used to remove or purify other metal compounds, e.g. complexes used as 
colourants or metal chelates for pharmaceutical purposes. 

The invention may be employed to recover metal compounds or 

25 to purify products such as pharmaceuticals or foodstuffs, that may be 

contaminated with metal compounds, such as catalysts or remains thereof 
that have leached from a (supported) catalyst into the product. 

In an embodiment, the invention is directed to a process for the 
removal of at least one homogeneous metal compound (and/ or a 

30 component thereof), preferably a dissolved metal compound or a colloidal 
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metal compound, from a mixture - e.g. a reaction mixture - said process 
comprising contacting the said mixture with a heteropoly acid optionally 
anchored to an insoluble support, thereby producing a precipitate. 

In an embodiment, the invention is directed to a process for the 
5 purification of a mixture containing at least one homogeneous metal 
compound (and/ or a component thereof), preferably a dissolved metal 
compound or a colloidal metal compound, said process comprising 
contacting the said mixture with a heteropoly acid, optionally anchored to 
an insoluble support, thereby producing a precipitate and recovering the 
10 mixture. 

In an embodiment, the invention is directed to a process for the 
recovery of at least one homogeneous metal compound (or a component 
thereof), preferably a dissolved metal compound or a colloidal metal 
compound, e.g. a homogeneous metal catalyst from a mixture, said 

15 process comprising contacting the said mixture with a heteropoly acid, 
optionally anchored to an insoluble support, thereby producing a 
precipitate that is substantially insoluble in the said mixture and 
recovering the metal compound or one or more components thereof from 
the said precipitate. 

20 The invention is also embodied in a process for carrying out a 

chemical reaction, wherein a reaction mixture, after completion of the 
reaction is contacted with a heteropoly acid, optionally anchored to an 
insoluble support. 

The present invention comprises an embodiment wherein a 

25 heteropoly acid or an anion thereof is added to a mixture, thereby forming 
an insoluble precipitate with the metal compound (or with an unbound 
atomic or ionic metal moiety), which can be separated from the mixture 
using conventional separation techniques. It is assumed that the 
heteropoly acid or anion thereof interacts with the metal species, thereby 

30 forming complex that is insoluble (under the contacting conditions). In 
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case the metal species is complexed with one or more ligands, these 
ligands will generally stay attached to the metal and wiU be removed 
together with the said insoluble complex. This makes it possible to recover 
at least part of the ligsuids too, which may be important in case the 
5 ligands are expensive and/or contaminate the product mixture. 

The invention further comprises an embodiment wherein the 
heteropoly acid or anion thereof is bound in some way to a support 
material. The same principles apply in that case, but additional 
advantages are that the of risk contamination of the mixture with 

10 heteropoly acids or anions is avoided or at least significantly reduced. 

Further, it facilitates separation of the metal compound from the process 
stream, because liquid-solid separation can readily be employed and it is 
possible to separate the mixture and the metal compound attached to the 
heteropoly acid in a fixed-bed application. 

15 This invention allows the binding of homogeneous metal 

compounds or components thereof, preferably dissolved metal compounds 
or colloidal metal compounds - such as homogeneous metal catalyst, 
catalyst remains or metal based coloTir-indicating means - from a 
(reaction) mixture. In this respect the terms catalyst and catalyst remains 

20 are both used to indicate all those components that can be present in a 
(homogeneously) catalysed reaction mixture. Such a catalyst or catalyst 
remains typically at least consists of at least one metal atom and/ or at 
least one ligand, or at least one metal ion and/ or at least one counter ion 
and/ or at least one ligand. More in particular this includes all catalyst 

25 related components that are present in the (reaction) mixture, such as 
precursors of a catalyst, the active catalyst and the decomposition 
products of the catalyst, or catalysts or remains thereof that have leached 
from a (supported) catalyst into the reaction mixtures. 

Hie removal may refer to removing at least part of the metal 

30 species, but also, if applicable, to removing the ligand(s), and/ or the 
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coimter ions. When using the term catalyst, it is to be understood, that 
this encorapasses all said components. 

More in particular, the invention is useful for removing metal 
complexes, such as catalyst materials, that consists of at least one metal 
5 atom and/ or at least one ligand, or at least one metal ion and/ or at least 
one counter ion and/ or at least one ligand. Such complexes may be 
represented by the formula Mm(L)nXp wherein M represents a metal atom 
or metal ion, preferably a transition metal atom or ion, more preferably 
Rh, Ru, Ir, Pd, Pt, Ni or an ion thereof, 

10 wherein each L represents an organic or inorganic molecule with 

electron donating properties, preferably a molecule containing one or more 
heteroatoms like P, S, N or O or a molecule contaiining one or more 
unsaturated bonds, more preferably a molecule selected from the group 
consisting of phosphines, nitrogen and/ or oxygen containing ligands (e.g. 

15 acetonitril, CO or H2O), cyclic dienes (e.g. cyclooctadiene (cod)), cyclic 
trienes; 

wherein m is at least 1; 

wherein n is an integer in the range of 0-6; 

wherein each X- represents an inorganic moiety, preferably 
20 selected from the group consisting of H", C1-, BF4-, CIO4-, SbFe", NOa", PFe", 
anionic organic molecules and negatively charged complexes of a metal 
ion; preferred examples of such negatively charged complexes of a metal 
ion include transition metal ion complexes (e.g. of Rh, Ru, Ir, Pd, Pt, an 
actinide, a lanthanide) and complexes of an alkaline earth metal ion; 
25 wherein p is an integer chosen in the range of 0-8. 

Dissolved and/ or finely and stable dispersed clusters of metal 
complexes of the formula MCL)nXp and multimetaUic compounds (i.e. 
wherein m>l) are included. The compound may comprise more than one 
metal moiety, e.g. in the case of a colloidal metal compound. 
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Particular good results have been achieved with a process to 



remove compounds with a single metal moiety per compound (i.e. m=l). 



a process according to the invention are the complexes that are obtained 



5 from the precursor complexes [Rh((i?,i?)-Me-DuPHOS)(COD)]BF4 ((i?,i?)-Me- 
DuPHOS = (-)-l,2-bis((2R,5R)-2,5-dimethylphospholano)benzene), [Ru((i?)- 
BINAP)Cl2]2-NEt3 (R)-BINAP = (R)-(+)-2,2'-bis(diphenylphosphino)-l,l'- 
binaphtyl, Pd(OAc)2, Rh(CO)(H)(PPh3)3, NiNOalHaOje. 



10 materials that have been added to the reaction mixture for catalytic 

purposes or other reasons can be removed by a process according to the 
present invention. 



that may be formed by condensation of two or more kinds of oxoanions. 

15 Heteropoly acids are protonated heteropoly anions. The term heteropoly 
compound (HPA) is used for the acid forms and the salts. Unless indicated 
otherwise, the term heteropoly acid is used herein to describe both the 
acid form and the salt. Heteropoly anions are composed of oxides of 
adenda atoms (V, Nb, Mo, W, etc) and heteroatoms (P, Si etc) . The 

20 structures are classified into several groups based on the similarity of the 
composition and structure such as Keggin-type, Dawson species, Waugh 
species, Anderson species, Silverton species and their lacunar and other 
crystalline or non-crystalline forms and anions of the preceding. The 
heteropoly compounds contain one or more strong protons which can 

25 partly or completely be replaced by alkali, alkali earth or quaternary 
ammonium ions. Other HPA-related compounds are organic and 
organometallic complexes of polyanions. Keggin type heteropoly acids are 
preferred in this invention. Keggin-type heteropoly compounds generally 
are represented by the formula (XMi204o)"^', wherein X is a heteroatom, 

30 such as P, Si, etc, and wherein M is an addenda atom, such as V, Nb, Mo, 



A couple of examples of metal complexes that can be removed in 



Also metal compounds originating from dispersed heterogeneous 



Heteropoly anions are polymeric oxoanions (polyoxometalates) 
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W, etc. Examples of particularly suitable heteropoly acids are 
phosphotungstic acid (PTA), phosphomolybdic acid (PMA) and 
silicotungstic add (STA). 

As indicated above, the heteropoly acid may be used as such, or 
5 dissolved in a suitable solvent (solvents in which heteropoly acid dissolves 
e.g. polar solvents such as alcoholic solvents, H2O) or attached to a 
support material. Obviously a mixture of several different heteropoly acids 
may be employed in accordance with the invention. 

Contact between the supported or unsupported heteropoly acid 
10 or anion generally occurs in a liquid at a temperature of from about -80 
degree C to about 250 degree C for a time period of from about 1 min. to 
about 50 hrs. Preferably, this occurs at temperatures of between about 20 
degree C and about 100 degree C. for a period of between 0. 1 and 12 
hours. 

15 The ratio metal compound to heteropoly acid may be varied 

within a wide range depending upon the required purity of the treated 
reaction mixture and the desired speed of the removal process. For many 
purposes, e.g. for a complete removal of metal compotinds, usually at least 
1 equivalent of heteropoly acid is employed; herein, 1 equivalent is defined 

20 as 1 acidic site per metal ion or metal atom. 

It is however possible to use a lower amount of heteropoly acid, 
e.g. because complete removal is not desired. The amount of heteropoly 
acid will typically be at least 0.1 and usually up to 4000 equivalents of 
heteropoly acid. Preferably 0.5-1000 equivalents of heteropoly acid are 

25 employed, if it is a goal to remove at least the majority of the metal 
compounds. Very suitable is an embodiment wherein 0.75-100 
equivalents of one or more heteropoly acids were employed. Very good 
results have been achieved with an embodiment wherein 1-50 eqxiivalents 
of heteropoly acid are used. 
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Typically, in a method according to the present invention the 
supported heteropoly acid or its anion is present in a weight ratio with the 
support of from about 0.01:1 to about 20:1. 

Suitable support materials are insoluble oxides, organic 
5 supports and combinations thereof. Preferred examples of insoluble oxides 
are alumina, silica, zirconia, titania, zinc oxide, magnesium oxide, active 
carbons, zeolites clay materials and combinations thereof. Preferred 
orgeuiic supports are polymers, oligomers, composites and materials 
coated with an organic moiety. The supports may be structured materials, 

10 e.g. shaped materials such as a star shaped material or a maze or applied 
to another support such as a structured packing (monolith and the like). 

The contacting can be done by any method that allows for the 
heteropoly acid or anion to be in good contact with the (reaction) mixture. 
In case of use of unsupported materials, it can simply be mixed into the 

15 reaction mixture in suitable quantity, followed by separating the insoluble 
complex from the liquid. The supported material may be brought into 
contact in a suitable way, such as by using a chromatographic method, 
using a fixed bed, under slurry reaction conditions or by using structured 
packing. After the (reaction) mixture and the solid support have been in 

20 contact, the metal compound, e.g. the catalyst or its remains, can be 
removed from the (reaction) mixture by simple filtration, sedimenation, 
centrifugation or decantation techniques. The metal compound may be 
recovered from the solid material, for example by washing with a solution 
containing suitable compounds or by removal of the support by methods 

25 employed in precious metal refinery. 

A method according to the invention is particularly suitable for 
the removal of a metal catalyst or remains thereof from a reaction mixture, 
inter alia because usually the reaction products do not have any chemical 
interaction with the supported or unsupported heteropoly acids or anions, 

30 with or without attached homogeneous catalysts, and can be separated 
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unaffectedly from the supported or unsupported heteropoly acids or 
anions, with or without attached homogeneous catalysts. This allows one 
to perform a homogeneous metal catalysed reaction and recover/ remove 
the homogeneous catalyst remains by a simple method. In this way the 
5 catalyst can easily be recovered and/ or a very pure reaction mixture can 
be obtained. 

In case of the use of the support modified with heteropoly acids 
or anions in a fixed bed application, the reaction mixture that contains the 
metal compound, such as the catalyst or its remains, can be run through 

10 the bed. The metal compound will stick to the solid material and the 

product will flow through the bed xmaffected. If desired the acidity of the 
fixed bed material can be modified by addition of a base, e.g. EtaN or LiOH 
and other salts. If the remedns of the catalyst are coloured, saturation of 
the fixed bed can be followed visually. 

15 Other ways to bind homogeneous catalyst remains to the 

modified support are slurrying the product solution with modified support 
material. After a certain time, the modified support material - with bonded 
catalyst remains - can be removed from the process stream by simple 
decantation, filtration, centrifugation or sedimentation techniques. The 

20 modified support material can be collected and the valuable materials - 
e.g. precious metals - can be recovered and re-used. 

The modified support can be prepared by slurrying the support 
in a polgir or apolar solvent, preferably in a solvent in which the heteropoly 
acid or anion is also soluble. To this suspension, a solution of heteropoly 

25 acid or anion is added, in which the weight ratio of the heteropoly acid or 
its anion with the support is present in from about 0,01: 1 to about 20:1. 
In a method according to the invention the reaction between the support 
and the heteropoly acid is carried out at a temperature from -80 to 250 
degrees C, preferably at a temperature between 0 and 100 degrees C. The 

30 reaction times can be varied within broad limits. The reaction time can for 
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example suitably be chosen in the range of 1 minute to 50 hours, 
preferably between 2 and 16 hours. After the reaction is completed, the 
soUd material can be washed with any solvent that could remove 
imsupported heteropoly acids or anions and the solid can be dried at a 
5 temperature between 0 and 500 degrees C, with or without applied 
vacuum. 

The conditions for the present invention depend on the type of 
heteropoly acid, the nature of the metal complexes and the kind of 
reaction mixture. More in particular, the temperature may be between -80 

10 and 250 ^'C, whereas the pressure may vary between 100 and lO-s bar (a). 

The types of the chemical reactions contemplated in the context 
of the present invention are generally catalysed reductions, oxidations, 
couplings reactions, addition reactions, elimination reactions, and 
preferably (chiral) hydrogenations, (chiral) hydrogen transfer reactions, C- 

15 C coupling reactions (e.g. Heck, Suzuki, Stille, allylic substitutions, 
metathesis, polymerisations etc.), oxidations, (chiral) epoxidations, 
hydroformylations etc. In a preferred embodiment such chemical reactions 
are homogeneously catalysed reactions. 



} it 
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EiKamples 

4 

Preparation of siHcotungstic acid modified alumina 
5 150 grams of alumina (230 m^, 150 micron particles) were 

suspended in 500 mL ethanol, technical grade. 32.95 grams of 
siLicotungstic acid were dissolved in 100 mL ethanol and dropwisely 
added to the stirred alumina suspension in 1 hour at room temperature. 
After 14 hours the stirring was stopped, and after another 2 minutes the 
10 upper layer was removed by decantation. The remaining solids were 
washed several times with 1 L portions of demi H2O to remove any 
vinsupported silicotungstic acid. The solids were dried at 200 degrees C. 
Analysis with ICP showed that the alumina contained 1 1.7 wt% tungsten, 
which is eqiiivalent to 18.0 wt% silicotungstic acid. 

15 

Removal of fRh((Jg,ig)-Me-DuPHOS)fCQD)]BF4 catalyst remains 

12.6 mg of [Rh((i?,J?)-Me-DuPHOS)(COD)]BF4 (21 micromol) were 
dissolved in a 20 mL methanol solution containing 6.33 grams of dimethyl 
itaconate (40 mmol) under a nitrogen atmosphere. The slightly orange 
20 coloured solution was transferred in a hydrogenation reactor. The reaction 
mixture was purged with H2- The reaction mixture was stirred under a 
hydrogen pressure of 20 psig for two hours at ambient temperature (22 
degrees C) . 

A colimin (3.7 cm high, diameter 1.3 cm) was packed with 5.06 
25 grams of silicotungstic acid modified alumina (18.0 wt% silicotungstic 
acid, determined by ICP) . After two hours the orange coloured solution 
was transferred from the reactor to the top of the column. A colourless 
solution was collected at the bottom of the column containing 6.01 grams 
(95 % yield) of the hydrogenated product in high enantiomeric purity 
30 (enantiomeric excess (e.e.) 97.5 %, determined by Chiral GC). The 
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colourless solution contained less than 10 microgram rhodixim and less 
than 10 microgram of tungsten. The orange colour remained on the 
column. The solids from the column appeared to contain 11.7 wt% 
tungsten and 0.04 wt% rhodium (determined by ICP). The Rh presumably 
originates from the remains of the [Rh((R,R)-Me-DuPHOS)(COD)]BF4 
catalyst. 

Removal of [Ru((ig)-BINAP)Cl2l2.NEt3 catalyst remains 

The catalyst precursor [Ru((i?)-BINAP)Cl2]2.NEt3 was prepared as 
described by King et al in J. Org. Chenu 1992, 57, 6689-6691. The 
catalytic test was also performed as described in this article using 18.2 mg 
of [Ru((i?)-BINAP)Cl2l2.NEt3 (21 micromol), 44 micromoles of HCl, 6.97 
grams of t-butylacetoacetate (42.9 mmol) and 13 mL MeOH. 

A column (7.5 cm high, diameter 1.3 cm) was packed with 10.0 
grams of siUcotungstic acid modified alumina (18 wt% silicotungstic acid, 
determined by ICP). After 12 hours the hydrogenation of t- 
butylacetoacetate was completed and the orange coloured solution was 
transferred from the reactor to the top of the column. A slightly yellow 
coloured solution was collected at the bottom of the column containing 
6.46 grams (39 mmol, 91 % jdeld) of t-butyl-3-hydroxybutyrate, the 
hydrogenated product, in high enantiomeric purity (e.e. 98 %, chiral 
HPLC). The slightly coloured solution also contained 109 micrograms Ru 
(5 % of total amount of ruthenium) and less than 10 microgram of 
tungsten (determined by ICP) . 



25 
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Claims 

1. Process for separating at least one metal compound and/ or a 
component thereof from a mixture^ said process comprising contacting the 
said mixture with a heteropoly acid or heteropoly acid anion, thereby 
producing a precipitate comprising the heteropoly acid or heteropoly acid 

5 anion and the metal compound and/ or the component thereof. 

2. Process according to claim 1, wherein 

- the mixture is pvuified from the at least one metal compound 
said/ or a component thereof and wherein a purified mixture is recovered; 
and/or 

10 - the precipitate is recovered from the mixture and the at least 

one metal compound auid/or one or more components thereof are 
recovered from the precipitate. 

3. Process according to claim 2, wherein the heteropoly acid or 
heteropoly acid anion is anchored to a support material and wherein the 

15 metcil compound and/ or one or more components thereof is recovered 
from the support material. 

4. Process according to any of the preceding claims, wherein the 
amount of heteropoly acid or heteropoly acid anion is at least 0. 1 
equivalent. 

20 5. Process according to claim 4, wherein the amount of heteropoly 

acid or heteropoly acid anion is at least 1 equivalent, 

6. Process according to any of the preceding claims, wherein the 
said metal compound and/ or component thereof consists of at least one 
metal atom and/ or at least one ligand, or at least one metal ion and/or at 

25 least one counter ion and/ or at least one ligand. 

7, Process according to any of the preceding claims, wherein the 
heteropoly acid or heteropoly acid anion has been attached to an insoluble 
support material. 
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* 

8. Process according to claim 7, wherein the support material is 
selected from the group consisting of insoluble oxides, preferably selected 
from the group consisting of alumina, silica, zirconia, titania, zinc oxide, 
magnesium oxide and clay materials, active carbons, zeolites, and 

5 combinations thereof. 

9. Process according to claim 8, wherein the support is alumina. 

10. Process according to claim 7, wherein the support material is 
selected from the group consisting of organic supports, such as polymers, 
composites, oligomers and coated materials. 

10 11. Process according to any of the preceding claims, wherein the 

heteropoly acid or heteropoly acid anion, is selected from the group of 
Keggin type heteropoly acids and anions. 

12. Process according to any of the preceding claims, wherein the 

metal compound is based on at least one metal from the group consisting 

15 of Rh, Ru, Ir, Pd and Pt. 

13- Process according to any of the claims 6-12, wherein at least one 

of the ligands is selected from the group consisting of organic and 
inorganic molecules with electron donating properties, preferably from the 
group consisting of molecules containing one or more unsaturated bonds 

20 and of molecules containing one or more heteroatoms, selected from the 
group consisting of P, S, N and O. 

14. Process according to claim 13, wherein at least one of the 
ligands is selected from the group consisting of phosphines, nitrogen 
and/ or oxygen containing ligands, cyclic dienes, cyclic trienes, CO and 

25 H2O. 

15. Process according to any of the preceding claims, wherein the 
metal compound is derived from the group consisting of precursor 
complexes [Rh((i?,i?)-Me-DuPHOS)(COD)]BF4 -Me-DuPHOS - (-)-l,2- 
bis((2R,5R)-2,5-dimethylphospholano)benzene), [Ru((i?)-BINAP)Cl2]2.NEt3 
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(R)-BINAP= (R)-(+)-2,2'-bis(diphenylphosphino)-ia'-binaphty^^ Pd(OAc)2, 
Rh(CO)(H)(PPh3)3, NiN03(H20)6. 

16. Process according to any of the claims 7-15, wherein the support 
material is situated in a fixed bed type conformation and the mixture is 

5 passed there through, whereby the metal compound is attached to the at 
least one heteropoly acid or heteropoly acid anion and removed from the 
said mixture. 

17. Process according to claim 16, wherein the support material is 
present in a structured form. 

10 18. Process according to clsiim 17, wherein the support material is 

selected from the group consisting of monoliths, star shaped materials 
and maze shaped materials. 

19. Process according to any of the claims 16-18, wherein the 
heteropoly acid or a heteropoly acid anion, or the support modified 

15 therewith, is slurried in the said mixture and subsequently removed 
therefrom. 

20. Process according to any of the preceding claims wherein the 
metal compound is a catalyst or a remains thereof. 

21. Process according to any of the preceding claims, wherein the 
20 metal compound is in a homogeneous phase, preferably dissolved in a 

solvent or present in a colloidal phase. 

22. Process for carrying out a catalysed chemical reaction, seiid 
process comprising reacting suitable reactants in a liquid phase in the 
presence of at least one homogeneous metal catalyst, contacting the 

25 resulting reaction mixture after completion of the reaction with a 

heteropoly acid or a heteropoly acid anion, thereby producing a precipitate 
that is substantially insoluble in the said reaction mixture or with a 
support material having attached to its surface a heteropoly acid or a 
heteropoly acid anion and separating the reaction mixture from the solid 

30 material. 



INTERNATIO 




SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C22B11/00 C22B7/00 C22B3/06 



According to International Patent Classtfteatlon (IPC) or to botli nattonal cbssincatlon and IPC 



Intematf^^nppllcation No 

PCT/US 03/21439 



B. RELDS SEARCHED 



Minimum documentation searched (ciassificalion Bystem followed by classification symbols) 

IPC 7 C22B 



Oocumentatlon searched other than mlnknum docaimentation to the extent that such documenls ate included In the fields searched 



Electronic data tiase consulted during the international search (name of data base and, where practical, search terms used) 

WPI Data, EPO-Internal , PAJ, COHPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVAriT 



Categoiy ° 



Citation of document, with indication, vAiere appropriate, of the relevant passages 



Relevant to dalm No. 



DATABASE WPI 

Section Ch, Week 198421 

Derwent Publications Ltd., London, GB; 

Class JOl, AN 1984-131937 

XP002224828 

-& SU 1 036 775 A (URALS KIROV POLY), 
23 August 1983 (1983-08-23) 
abstract 



1-6,13, 
14,21,22 



EP 1 080 784 A (ROHM & HAAS) 
7 March 2001 (2001-03-07) 

* page 6, lines 24-28; page 5, lines 40-41 
>i< 

WO 00 29107 A (BATTELLE MEMORIAL 
INSTITUTE) 25 May 2000 (2000-05-25) 

* page 4, line 12 - page 6, line 10 * 

-/-- 



7-11, 
16-19 

7-11, 
16-19 



7-11, 
16-19 



m 



Further documents are listed In the continuation of box C. 



|){ I Patent famOy nnembers are listed in annex. 



<* Special categories of dted documents : 

•A* document defining the general state of the art which Is not 
considered to be of particular relevance 

'E* earlier document but published on or after the international 
filing date 

'L* document which may throw doubts on priority ciaim(s) or 
which is cited to estabDsh the publcatlon date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

'P' document published prior to the International filing date but 
later than the priority dale claimed 



later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory undertyng the 
invention 

*X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

*Y' document of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



IDate of the actual completion of the international search 



8 October 2003 



Date of mailing of the international search report 

20/10/2003 



Name and mailing address of the ISA 

European Patent Office, P.a 5818 Patentlaan 2 
NL - 2280 HV Rljswljk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-^16 



Authorized officer 



Bjoerk, P 



Fbim PCT/13A/210 (second sheet) (Jul/ 1892) 



page 1 of 2 



•} .1 

4l. 



INTERNATi 



SEARCH REPORT 



»lieaUon No 

PCT/US 03/21439 



C.(CcintlnuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Glalion of document, with ind1cation,i«here appropriate, of the letevant passages 



Relevant to datan No. 



US 3 485 763 A (LEFEVRE JEAN ET AL) 

23 December 1969 (1969-12-23) 

* abstract; Col. 4, lines 21-52 * 

OD 268 166 A (AKAD WISSENSCHAFTEN DOR) 

24 May 1989 (1989-05-24) 

* claims * 



1-22 



1-22 



Pom PCT/ISA/210 (coitinualion of second dieat) (July 1992) 



page 2 of Z 



INTERNAT 




L SEARCH REPORT 



Intemsl^^pikpplleaUan No 

PCT/US 03/21439 



Patent document 




Publication 




Patent family 




Publlcalion 


citsd In search reoort 




c^te 




memberfsl 




Cate 


oU lUJO//b 


A 

M 




CI 1 


T n o c ~7 ~7cr 
1UJ0//0 


Al 


oo no moo 


EP 1080784 


A 


07-03-2001 


BR 


0004144 


A 


17-04-2001 








CN 


1287879 


A 


21-03-2001 








EP 


1080784 


Al 


07-03-2001 








JP 


2001079412 


A 


27-03-2001 








1 IC 

us 


20uol09/4o 


A 1 
Al 


Id— UD-^UUo 




— — — . 




US 


6518216 


Bl 


11-02-2003 


WO 0029107 


A 


25-05-2000 


us 




6472344 


— 

Bl 


29-10-2002 








AU 


1732600 


A 


05-06-2000 








CA 


2348874 


Al 


25-05-2000 








WO 


0029107 


Al 


25-05-2000 








US 


2003060362 


Al 


27-03-2003 




A 


Z3— IZ— 1959 


r R 


139ob40 


A 
A 


Zo-03— 19o5 








BE 


559289 


A 


28-05-1965 












A 
M 










DE 


1542641 


Bl 


12-11-1970 








GB 


1094972 


A 


13-12-1967 








IL 


22928 


A 


26-12-1968 








LU 


47973 


A 


12-04-1965 








NL 


6501811 


A 


16-08-1965 


DD 268166 


A 


24-05-1989 


DD 


268166 


Al 


24-05-1989 



Forni PCT/iSA/210 (patent lamlV amax) (Jufy 1992) 



